CLAIMS 




What is claimed is: 

A method of^tfhtrolling power of a laser diode emitting laser light on a disc by 
using a differfeijce between a level of the laser light reflected by the disc and a reference level, 
the difference bein^etected after the laser light level reflected by the disc is compared with 
the reference leyel, the method comprising: 

(a) generating a periodic synchronization signal; and 
7 \ 

(b) /controlling the power ofahe laser diode in synchronism with the synchronization 



signal. 



§ 

H 
i 

2 
3 



2\\ The method of claim 1, wherein the step (b) comprises: 
(bl)Vbomparing a level of the power of the laser diode with the reference level; 
(b2) latching the compared result in response to the synchronization signal; 



and 



(b3) controlling the power level of the laser diode according to the difference between 
the latched power level z§d tttfe reference level. 

3. The method ofoaim 2, wherein in the sub-step (bl), the synchronization signal 
has a predetermined enable intervhj, and the power level of the laser diode is latched during the 
enable interval. 



4. T 
the power level o 
sampled power lejvels 



e method of claim 3, wh^ein the sub-step (bl) further comprises sampling 
the laser diode during the ehable interval, and latching an average of the 
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5. The method of claim 1, whereiirffiedisc is a digital versatile disc-read only 
memory (DVD-ROM), and tjxe^ynchronization signal is a mirror signal indicating a mirror 
area of the DVD-ROM. 

6. The met iod of claim 1, wherein the disc is a digital versatile disc-read only 



memory (DVD-ROM), 
the DVD-ROM. 



and the synchronization signal is a gap signal indicating a gap area of 



7. The method of claim 1, wherein the disc is a digital versatile disc-random access 
memory (DVD-RAM), and the synchronization signal is obtained by dividing a clock signal 



required to drive the DVI ) 



8. The methoc 



The methoc 



(blj^sampling control values designating a level of the power of the laser diode, in 




■RAM by a ratio. 



of claim 7, further comprising varying the division ratio. 



of claim 1, wherein the step (b) comprises: 



synchronism wit 

(b2) calculatinj 

and 

(b3) controlling the 
sampled control values 



ronization signal; 
nage of a predetermined number of the sampled control values; 



powertevel of the laser diode in accordance with the average of the 



^ — J^—JDiejnethod of claim 9, wherein the synchronization signal is obtained by 
dividing a clock signal requ red^S^lri^Aedisc by a ratio. 

11. The method of claim 10, further comprising varying the division ratio. 
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An apparatus for controlling a power of>4aserdiode emitting laser light on a 
disc, composing: 

a phoKMiiode which receiv£8"fhe laser light reflected by the disc to generate a current 
signal corresponding to a leveKof power of the reflected laser light; 

a comparator whicl/outputs an output voltage corresponding to the current signal from 
the photo diode compares the output voltage with a reference voltage and outputs a binary 
decision signal which indicates which of the output voltage and the reference voltage is higher; 

an up/down counter which up/down counts the binary decision signal in accordance 
with the comparison result of the comparator to generate a count result; 

a laser diode driver which controls a level of the power of the laser diode according to 



the count result of th 
an automatic 
laser diode, the ACP 
diode driver, the AP 



up/down cimnter; and 

)Ower (APC) controller which controls an automatic power control of the 
controller being interposed between the up/down counter and the laser 
Z controller latching \he count result of the up/down counter in 
synchronism with a periodic synchronizatioir^ignal, and outputting the latch result to the laser 
diode driver. 



13. The 
predetermined enabk 
up/down counter at 



apparatus of claim 12, wherein the synchronization signal has a 
interval, and the APC controller latches the counted result from the 
end of the enable interval. 




aratus of claim 13, wherein the APC controller samples the counted 



result from the up/do 
predetermined number 



memory (DVD-ROM) 
area of the DVD-ROM. 



the enable interval, and latches an average of a 
of the sampled counted-cesults. 



15. The apj aratus of claim 12, wherein the disc is a digital versatile disc-read only 



and the synchronization signal is a mirror signal indicating a mirror 
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16. The apparatus of claim 12, wherein the disc is a digital versatile' disc-read only 
memory (DVD-ROM), and the synchronization signal is ajjap^tgnal indicating a gap area of 
the DVD-ROM. 

17. The apparatus o£/daim 12, wherein the disc is a digital versatile disc-random 
access memory (DVD-RAM)/ the apparatus further comprising a divider which divides a clock 
signal required to drive the DVD-RAM by a ratio to generate the synchronization signal. 

18. The apparatus of claim 17, wherein the divider varies the division ratio. 



19. The appara 
control values designating 
synchronization signal, anc 
values. 



s of claim 12, wherein the APC controller samples sampling 
he power level of the laser diode, in synchronism with the 
latches a predetermined number of the sampled sampling control 



20. The apparatus 
access memory (DVD-RA|4) 
signal required to drive the 



of claim 19, wherein the disc is a digital versatile disc-random 
, the apparatus further comprising a divider which divides a clock 
DVD-RAM by a ratio to generate the synchronization signal. 



21. The apparatus of claim 20, wherein the divider varies the division ratio. 



OpJ 22. -ne^ethod 

^fhe laser diode only at non 



)f claim 1, wherein the step (b) comprises controlling the power of 
offectivg^datajtreas of the disc. 



23. The method of claim 1, wherein the step^fl^ comprises generating the 
synchronization signal selectively in accordance with a sub aufeqjatic power control (APC) 
mode, an average APC moce and a sub-average APC mode for the disfcv 
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1 24. The method of claim 1, further com: 

2 adjusting the reference level based^dpon a read mode, a record mode and an erase mode 

3 for the disc. 



1 

2 
3 




5 

i 

8 

ill 



v/ 

Sr 1 



The method/bf claim 24, wherein the adjusting of the reference level comprises: 
adjusting the refe/ence level to a first value if the mode for the disc is the read mode; 
adjustin^the re^brence level to a second value if the mode for the disc is the erase mode 
r lands of the disc; 



m 

i 



adjusting theVperence level to a third value if the mode for the disc is the erase mode 
for grooves of the disjbx 

adjusting the reference level to a fourth value if the mode for the disc is the record 
mode for the lands or the disc; and 

adjusting the referencelevel to a fifth value if the mode for the disc is the record mode 
for the grooves of tf e disc. 

26. The riethod of claim l,\vherein the step (b) comprises: 



comparing a 



evel of the power of the laser diode to the reference level; 



up/do wncour ting according to the compared result to determine a counted result; 
latching the counted result in accordances^vith the synchronization signal, to determine 
a latched power signal; and 

controlling the power of the laser diode in accordance with the latched power signal. 



1 27. The 

2 signal or a clock signa 



method of claim 26, wherein the synchronization signal is a mirror or gap 
required to drive the disc divided by a ratio into a division signal. 




f^28.^ The method of claim 26, wherein: 
the up/down£Dupting comprises 

up/downjpounting the^Duntedresult to generate a first count in a read mode for 

the disc, 
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5 Vip/downcounting the counted result to generate a second count in an erase mode 

6 of lands of the di$e, 

7 up/dWncounting the counted result to generate a third count in the erase read 

8 mode for grooves of the disc, 

9 up/downcohnting the counted result to generate a fourth count in a record mode 

10 of the lands of the disc, and \ 

1 1 up/downcounting tte counted result to generate a fifth count in the record mode 

12 for the grooves of the disc; and \ 

13 selectively using the first through fifth counts as the counted value for the latching of 

14 the counted result. \ 

1 29. The me)h6d of claim 28, further comprising: 

,1 multiplexing the second and third counts to generate a first multiplexed signal; 

§|[V~\ multiplexing the fourth and fifth counts to generate a second multiplexed signal; and 

\J the latching of the counted result comprising selectively latching the first count, the first 

15 multiplexed signal and the second multiplexed signal based upon a respective one of the read, 
^6 erase and record modes of the disc. 

!1 30.\ The method of claim 29, wherein the latching of the counted result comprises 

hJS latching theVounted result in a period of a mirror or gap signal or a clock signal divided by a 

H ratio into a division signal. 

1 31. The method of claim 26, wherein the latching of the counted result comprises: 

2 sampling the counted result; 

3 averaging a predetermined number of the sampled counted results to determine an 

4 average value; and 

5 latching the average value in accordance with the synchronization signal, to determine 

6 the latched powen signal. 
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1 32. The method of claim 31, wherein the. 

2 signal or a clock signal divided by a njlkrlnto a division signal. 



il is a mirror or gap 



1 
2 
3 
4 
5 



8 
9 

Si 



1,4 



i 
! 1 

3 

4 

5 

6 

7 

8 

9 



33. The method otfclaim 26, wherein the latching of the counted result comprises: 
sampling the counted result; 

averaging the sampled counted results during enablement of the synchronization signal 
to determine an average value; and 

latching the average value in accordance with the synchronization signal, to determine 



the latched power signal. 



34. The method 
signal or a clock signal 



of claim 33, wherein the synchronization signal is a mirror or gap 
divided by a ratio into a division signal. 



35. A method 
disc, the method compris 
detecting a level 0 
controlling the 
accordance with the 



)f controlling power of a laser diode which emits a laser light on a 
ng: 

the power of the laser diode reflected from the disc; 
potver of the laser diode only at non-effective data areas of the disc in 
detected power level of the laser diode. 



36. The methoji of claim 35, wherein the controlling of the power of the laser diode 
comprises: 

comparing the detected power level with a reference signal; 

generating a power level signal in accordance with the compared result; 

generating a synchronization signal; 

latching the power level signal in accordance with the synchronization signal to 
determine a latched power level signal; and 

supplying the latct ed power level signal to the laser diode to control the power of the 
laser diode. 
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1 37. The method of claim 36, wherein the synchronizatifuvsignal is a mirror signal, a 

2 gap signal or a clock signal to drive^ttie^disc^iViaed ByTratio into a division signal. 

tus for controlling a power of a laser diode emitting light on a disc, 



2 .^the apparatus 
a laser 




signal; and 

5 a control tin 

6 synchronization signal 



a detector wihich 
3. level of the laser dipde 
•f power signa 

power level; and 

an automatic 
]7 synchronization s 



r hich controls the power of the laser diode in accordance with a control 
generates the control signal in synchronism with a periodic 



ipparatus of claim 38, wherein the control circuit comprises: 
ich detects the light reflected from the disc, to generate a detected power 
ie; 

circuit which generates a power signal in accordance with the detected 



ignal 





power controller which latches the power signal in synchronism with the 
, to generate the control signal. 



$0. The apparatus of claim 39, wherein the power signal circuit comprises: 



^ 1 a comparator 
reference level^sand 
4 an up/down 



which compares the detected power level of the laser diode with a 



^mnter which up/do wncounts according to the output of the comparator to 

5 determine a counted ie^u|t, wherein the counted result is input as the power signal to the 

6 automatic power controller. 



1 41. The 

2 signal, a gap signal or 

3 signal. 



apparatus of claim 40, wherein the synchronization signal is a mirror 

a clock signal required to drive the disc divided by a ratio into a division 
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42. The apparatus of claii^Orwherein the power signal circuit further comprises: 
a reference value generate which adjusts the reference level based upon a read mode, a 



record mode and an erase mode for the disc 



4$. The apparatus of claim 42, wherein: 
the^ference value generator comprises: 
^ ' \a first latch whic i adjusts the reference level to a first value if the mode for the 

disc is the read mode 

a stecond latch which adjusts the reference level to a second value if the mode 
for the disc is the erase mode ft r lands of the disc, 

a third tatch which adjusts the reference level to a third value if the mode for the 
disc is the erase mode fofc grooves of the disc, 

a fourth latch wl ich adjusts the reference level to a fourth value if the mode for 
the disc is the record mode fo^ [the lands of the disc, 

a fifth latch whi£h adjusts the reference level to a fifth value if the mode for the 
disc is the record mode for the grboves of the disc; and 

a multiplexer w lich selectively outputs the second through fifth values 
according to whether a curren mode is\the erase or record mode and whether a current track is 
the land or groove; and 

the comparator comprises: 

a first compara or which compass the first latched value and the detected power 
level in the read mode, and 

a second comparator which compare\the second latched value and the detected 
power level in the erase or record mode. 



Ofi 



44. The apparatus 
a microcomputer whic^i 
adjusting the reference value, 
the reference value, a third i 



claim 43, further comprising: 

supplies a first initial reference value to the first latch for 
a second initial reference value to the second latch for adjusting 
initial reference value to the third latch for adjusting the reference 
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value, a fourth initial reference value to the foui^Jateh-ibra^usting the reference value, and a 
fifth initial reference value to the fifthJafch for adjusting the reference value. 




{5. The apparatus/of claim 40, wherein: 
lp/down counter comprises: 

a first up/downcounter which up/downcounts the counted result to generate a 
first count in a \ead modqf for the disc, 

a sbpond ifo/downcounter which up/downcounts the counted result to generate a 



second count in an e^ase 
a third 



third count in the erase read mode for grooves of the disc, 



a fourth i 
fourth count in a record 

a fifth up 
fifth count in the record 



mode of lands of the disc, 

'downcounter which up/downcounts the counted result to generate a 



p/downcounter which up/downcounts the counted result to generate a 
mode o^the lands of the disc, and 

downcounter which up/downcounts the counted result to generate a 



mode for the\grooves of the disc; and 
the automatic potaer controller selectively uses the first through fifth counts as the 
counted value for the lalching of the counteoresult. 



46. The apparatus of claim 45, wherein the power signal circuit further comprises: 
a first multiplexer which multiplexes the second and third counts to generate a first 

multiplexed signal; and 

a second multiplexer which multiplexes the fourth and fifth counts to generate a second 

multiplexed signal; 

wherein the automatic power controller selectively latches the first count, the first 
multiplexed signal and ti e second multiplexed signal based upon a respective one of the read, 
erase and record modes of the disc. 



47. The apparatus of claim 46, wherein the synchronization signal is a mirror 
signal, a gap signal or a clock signal to drive the disc divided by a ratio into a division signal. 
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48. The apparatus of claim 4(Vwherein the automatic power controller latches the 
counted result in a period of a rpifroTor gap signal or a clock signal divided by a ratio into a 
division signal. 

49. The apparatus of claim 40, wherein the automatic power controller samples the 
counted result, averages a predetermined number of the sampled counted results to determine 
an average value, and latches lie average value in accordance with the synchronization signal, 
to determine the control sign; 



50. The apparatus/of claim 49, wherein the synchronization signal is a mirror or gap 
signal or a clock signal divided by a ratio into a division signal. 



51. The apparatus of claim 40, wherein the automatic power controller samples the 
counted result, averages the sampled counted results during enablement of the synchronization 

age value, and latches the average value in accordance with the 
determine the control signal. 



signal to determine an avei 
synchronization signal, to 



52. The metho 
signal or a clock signal d 



of claim 51, wherein the synchronization signal is a mirror or gap 
vided by a ratio into a division signal. 



53. An apparatus for controlling power of a laser diode which emits a laser light on 
a disc, the apparatus comprising: 

a detector which detects a level of the power of the laser diode reflected from the disc; 

a control circuit w lich controls the power of the laser diode only at non-effective data 
areas of the disc in accordance with the detected power level of the laser diode. 



it 



54. The method-olelaim 53, wherein the control circuit comprises: 



V i.' a comparator whiqh compares the detected-power level with a reference signal; 



^vj a power level generator which generates a power leversignal in accordance with the 
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output of the comparator; 

an automatic power controller which latchgs-th£power level signal in accordance with a 
synchronization signal to determine a latchgdpower level signal; and 

a laser diode driver which supplies the latched power level signal to the laser diode to 
control the ppwer of the laser dioc 

55. The method of /claim 54, wherein the synchronization signal is a mirror signal, a 
gap signal or a clofck signal to drive the disc divided by a ratio into a division signal. 



56. The app^r^tus of claim 43, wherein: 
the up/down counter comprises: 

a first up/dawncounter which up/downcounts according to the output from the 
first comparator to generate^ first count in a read mode for the disc, 



a secom 
the second comparator 
a third i 



up/downcounter which up/downcounts according to the output from 
to generate a second count in an erase mode of lands of the disc, 
p/downcoimter which up/downcounts according to the output from the 
second comparator to generate a third count in the erase read mode for grooves of the disc, 

a fourth up/downcounter which up/downcounts according to the output from the 
second comparator to £ enerate a fourth \ount in a record mode of the lands of the disc, and 

a fifth up/downcounter which up/downcounts according to the output from the 
second comparator to generate a fifth count in the record mode for the grooves of the disc; and 

the automatic power controller selectively uses the first through fifth counts as the 
counted value for the latching of the counted result. 

57. An apparatus for controlling power of a laser diode which emits a laser light on 
a disc, the apparatus comprising: 

detects a level of the power of the laser diode reflected from the disc; 
vhich controls the power of the laser diode based upon a sub automatic 
an average automatic power controller mode, and a sub-average 
er mode and in accordance with the detected power level of the laser 



a detector which 
a control circuit 
power controller mode, 
automatic power control 
diode. 



\ 
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4 output of the comparator; 

5 an automatic power controller which latches the power level signal in accordance with a 

6 synchronization signal to determine a latched power level signal; and 

7 a laser diode driver which supplies the latched power level signal to the laser diode to 

8 control the power of the laser diode. 

1 55. The method of claim 54, wherein the synchronization signal is a mirror^signal, a 

2 gap signal or a clock signal to drive the disc divided by a ratio into a division signal. 

1 56. The apparatus of claim 43, wherein: jt 

2 the up/down counter comprises: jr 

3 a first up/downcounter which up/downcounts^dccording to the output from'the 
# first comparator to generate a first count in a read mode^for the disc, / jf 

j^j a second up/downcounter which i^d^^coun^^ output from 

% the second comparator to generate a second ^unt in an erasejnqde oflands of the disc, 
\3 a third up/downcounter which up/downfi&uffts according to the output from the 

~ 8 second comparator to generate a third/countfcn the^erase read mode for grooves of the disc, 

a fourth up/downcounter whiclrup/^pwncmints according to the output from the 

||) second comparator to generate^ouhh couX^a't^ord mode of the lands of the disc, and 
EL a fifth up/dd^counteF^^lrupMowncounts according to the output from the 

ft second comparatorj^graerate a fiftl|c^unt iifme record mode for the grooves of the disc; and 

13 the automatic power controller selectively uses the first through fifth counts as the 

14 counted value'fcr the latching of the/dounted result. 

1 An apparanis^r^controlling power of a laser diode which emits a laser light on 

2 a disc, the apparatus conlprising: 

3 a detectorjwjnch detects a level of the power of the laser diode reflected from the disc; 

4 a control circuit which controls the power of the laser diode based upon a sub automatic 

5 power controller mode, an average automatic power controller mode, and a sub-average 

6 automatic power controller mode and in accordance with the detected power level of the laser 
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